Introduction
============

Osteoporosis is a metabolic bone disease that may be defined as a systemic skeletal destruction characterized by low bone mass, high bone friability and micro-architectural decline of bone tissue ([@b1-br-0-0-1155]). Clinical manifestations are easy occurrence of bone fracture and relatively high rates of mortality and disability caused by hip, extremity and vertebral fractures. Osteoporosis has become a major public health issue and is a burden to patients, their families and society ([@b2-br-0-0-1155]).

The pathophysiological mechanism of osteoporosis is complex ([@b3-br-0-0-1155]). The reconstruction of bone tissue is a key process in maintaining the microstructure and morphology of bone ([@b4-br-0-0-1155],[@b5-br-0-0-1155]). Imbalances in the bone tissue reconstruction process can manifest as upregulation in the process of bone resorption by osteoclasts, and reduced osteoblast formation of bone tissue ([@b6-br-0-0-1155]). This results in systemic loss of bone mass, increased bone fragility, decreased bone mineral density (BMD), increased risk of bone destruction and osteoporosis ([@b7-br-0-0-1155]).

In 2004, the World Health Organization recommended that the diagnosis of osteoporosis be performed based on values of BMD or bone mineral content (BMC) ([@b8-br-0-0-1155]): Normal BMD or BMC is within one standard deviation (SD) of the average bone density in normal adults; BMD is usually expressed as a T-value (T-score), where T-value = (measured value - mean value in normal adults of the same gender)/SD of the mean BMD of normal adults of the same sex and gender. The World Health Organization sets the average body mass of adults with normal BMD as the standard, and defines osteoporosis when BMD is ≥-2.5 SD units in postmenopausal women or men \>50 years (normal population: T-score ≤-1 SD; bone mass loss population: −1 SD \< T-Score \<-2.5 SD; osteoporosis population: T-Score ≥-2.5 SD). Through the study of changes in BMD, numerous factors affecting the BMD value have been identified, including estrogen, osteoprotegerin, calcitonin, transforming growth factor, thyroid hormone and gene polymorphisms ([@b9-br-0-0-1155]--[@b11-br-0-0-1155]).

Previous studies have demonstrated that genetic factors may be associated with BMD and serve an important role in the pathogenesis of osteoporosis ([@b12-br-0-0-1155]). Data originating from the study of twins has indicated genetic factors account for up to 85% of diversity in bone mass ([@b8-br-0-0-1155]). Numerous research institutions have investigated potential associations between candidate gene polymorphisms and osteoporosis ([@b3-br-0-0-1155],[@b6-br-0-0-1155],[@b7-br-0-0-1155]). The vitamin D receptor (VDR) gene polymorphism is one of the most widely studied, and has been indicated to be involved in bone mineral homeostasis, bone remodeling and bone matrix composition ([@b14-br-0-0-1155]). Population-based and case-control studies have similarly identified polymorphisms in several candidate genes associated with bone mass or osteoporotic fracture, including VDR ([@b6-br-0-0-1155],[@b13-br-0-0-1155],[@b15-br-0-0-1155]).

VDR is a nuclear transcription factor that mediates the action of 1,25-dihydroxyvitamin D3 and affects calcium absorption, bone remodeling and mineralization rate. It is located on the long arm of 12 chromosome (3q11) and consists of 11 exons, 2--9 of which are actively transcribed ([@b16-br-0-0-1155]). Several sites have been associated with BMD in the VDR gene, including ApaI, BsmI, FokI and TaqI ([@b17-br-0-0-1155]). The ApaI and BsmI sites are both in intron 8 of the VDR gene ([@b18-br-0-0-1155]). A number of studies ([@b16-br-0-0-1155],[@b17-br-0-0-1155],[@b19-br-0-0-1155]) have been undertaken in this field \[Morrison *et al* ([@b19-br-0-0-1155]) was the first to document an association between the VDR genotype and bone mass\], but the results have been controversial and no clear correlation between ApaI gene polymorphism and osteoporosis has been identified. Vladoiu *et al* ([@b20-br-0-0-1155]) reported that ApaI polymorphisms in the VDR gene have different phenotypes, which were associated with significantly different BMD values, suggesting that it may be used as a genetic marker to predict the risk of osteoporosis. Mitra *et al* ([@b21-br-0-0-1155]) identified an association between BsmI and ApaI polymorphisms and BMD in postmenopausal Indian women, further suggesting that genetic background serves a role. However, other reports have observed conflicting results. Castelán-Martínez *et al* ([@b22-br-0-0-1155]) documented that there was no clear correlation between BMD and ApaI polymorphism in postmenopausal women in Mexico. Feskanich *et al* ([@b23-br-0-0-1155]) identified that genetic polymorphisms of ApaI did not affect the risk of osteoporosis.

Another important factor affecting BMD is estrogen level. Estrogen uses different pathways to regulate biological activity through the transduction of specific target cell signals. Rooney and van der Meulen ([@b24-br-0-0-1155]) identified that estrogen exerted its effects primarily through the use of non-canonical pathways, to thus induce anti-osteoclast death or inhibit osteoblast death. Therefore, to minimize the effect of estrogen on BMD changes, postmenopausal women were selected for the present study purposes.

To the best of our knowledge, there are no previous studies of gene polymorphisms in postmenopausal Han women in Xinjiang. The purpose of the present study was to investigate the potential association between the commonly studied polymorphism in the VDR gene, ApaI, and osteoporosis in postmenopausal women of Han nationality in Xinjiang. In this study, the polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) technique was used to verify genotypes of the ApaI locus of the VDR gene. The different genotypes were compared and BMD values were used to determine the impact of ApaI gene polymorphisms on osteoporosis, as in previous study of the association between BMD and genotype ([@b25-br-0-0-1155]). Based on this line of research, it is hoped that screening and diagnosis of high-risk populations with osteoporosis may support the prevention of osteoporosis at the molecular level.

Materials and methods
=====================

### Study population

Participants included 336 unrelated postmenopausal women who were recruited voluntarily from January to June 2016. The group included 90 women (67.2±8.6 years old; T-score ≥-2.5 SD) with osteoporosis and 246 healthy individuals (65.5±7.6 years old; T-score \<-2.5 SD). Participants were recruited from the First Affiliated Hospital of Shihezi University (Shihezi, China), the People\'s Hospital of Xinjiang Uygur Autonomous Region (Urumqi, China), the People\'s Liberation Army 474 Hospital and Xinjiang Production and Construction Corps Hospital (Urumqi, China). Patients with secondary osteoporosis diseases (diabetes, Cushing\'s syndrome, thyroid, nutrition deficiency, myeloproliferative diseases, bone tumors, connective tissue diseases and congenital diseases), hepatic renal dysfunction and incomplete clinical data were excluded.

The protocol of the present study was approved by the Institutional Medical Ethics Committee of Shihezi University, and all participants received and signed informed consent documents.

### Laboratory analysis

Genotyping was performed by researchers who were blinded to the case/control status of the study subjects. Blood samples (3 ml) were collected in EDTA tubes and frozen in liquid nitrogen for 2 h after collection. Genomic DNA was extracted from peripheral white blood cells using a TIANamp Blood DNA Maxi kit (Tiangen Biotech Co., Ltd., Beijing, China), according to the manufacturer\'s protocol. A 740-bp fragment containing the ApaI polymorphism was amplified by PCR using specific primers (forward, 5′-CAGAGCATGGACAGGGAGCAA-3′ and reverse, 5′-TCATGGCTGAGGTCTCAAGGG-3′) as described previously ([@b13-br-0-0-1155]). The thermocycler conditions were 95°C for 3 min, followed by 35 cycles of 94°C for 30 sec, 65°C for 30 sec and 72°C for 30 sec, and ending with 72°C for 10 min (Eppendorf Mastercycler Gradient; Eppendorf, Hamburg, Germany). The 740-bp product fragment containing the ApaI polymorphism was digested with *Apa*I endonuclease (Thermo Fisher Scientific, Inc.). The ApaI fragments of the VDR gene were separated by 1.5% agarose gel electrophoresis with ethidium bromide staining. The genotypes were represented as AA (740 bp), Aa (740, 520 and 220 bp) and aa (520 and 220 bp) ([@b26-br-0-0-1155]).

### Densitometry study

BMD at the lumbar spine (L1-L4), Ward\'s triangle, great trochanter and femoral shaft were measured using a dual-energy X-ray absorptiometry (DXA) scanner (GE Lunar DPX Prodigy; GE Healthcare, Chicago, IL, USA) ([@b6-br-0-0-1155]). BMD was calculated by dividing BMC (g) by bone area (cm^2^), and expressed as g/cm^2^ ([@b8-br-0-0-1155]). By comparing with the SD of BMD in the normal reference population, the T-score of BMD in participants was calculated to determine the diagnosis of osteoporosis (normal population: T-score ≤-1 SD; bone mass loss population: −1 SD \< T-Score \<-2.5 SD; osteoporosis population: T-Score ≥-2.5 SD). Grouping was based on measurement results. Additionally, body weight and height were measured to calculate body mass index (BMI).

### Statistical analysis

Statistical analysis of the results was performed with SPSS 20.0 (IBM Corp., Armonk, NY, USA). For analysis of subject characteristics, quantitative data were presented as means ± standard deviation. The Hardy-Weinberg equilibrium (HWE) distribution of the ApaI allelic and genotypic frequencies was assessed with the χ^2^ test. One-way analysis of variance was used to compare between different genotypes followed by the Bonferroni\'s post hoc test. Analysis of co-variance (ANCOVA) was used to compare the VDR genotypes adjusted for co-variants age and BMI. Genotypic frequencies were not normally distributed, and a bootstrap procedure was applied to the ANCOVA test. In this case, comparisons were performed with a non-parametric Kruskal Wallis test. Unconditional multivariable logistic regression models were used to measure the association of age and BMI with BMD. Age and BMI as risk factors for osteoporosis were assessed via odds ratios (ORs) and 95% confidence intervals (CIs). In all analyses, significance was defined at P\<0.05.

Results
=======

### Genotypes and alleles

A total of 336 females were included in the study. The overall ApaI allelic and genotypic frequencies are listed in [Table I](#tI-br-0-0-1155){ref-type="table"}. Frequencies of ApaI included in the analysis were consistent with the HWE (P\>0.05). The enzyme digestion of ApaI was analyzed by agarose gel electrophoresis to examine band size consistency and confirm variants of the gene ([Fig. 1](#f1-br-0-0-1155){ref-type="fig"}).

Among the 90 patients with osteoporosis, the frequency distribution of ApaI genotypes was 5 (5.6%) individuals with AA, 25 (27.8%) with Aa and 60 (66.6%) with aa. Among the 246 participants in the control group, the frequency distribution of ApaI genotypes was 16 (6.5%) individuals with AA, 69 (28.0%) with Aa and 161 (65.4%) with aa ([Table II](#tII-br-0-0-1155){ref-type="table"}). Data analysis indicated no significant association between ApaI genotype and osteoporosis (P=0.946).

### BMD and genotype

The results of the DXA scan were uniformly recorded in accordance with BMD and T-score standards ([Fig. 2](#f2-br-0-0-1155){ref-type="fig"}). The ApaI genotype of patients and controls was not associated with BMD at any bone site tested ([Table III](#tIII-br-0-0-1155){ref-type="table"}). On further BMD analysis, following adjustment for potential confounding factors, including age, no significant differences in BMI were observed between the genotypes ([Table IV](#tIV-br-0-0-1155){ref-type="table"}).

### Age/BMI and BMD

Using ANCOVA to compare age/BMI with BMD, it was determined that age was negatively associated with BMD, and BMI positively associated with BMD at all bone sites tested ([Table V](#tV-br-0-0-1155){ref-type="table"} and [Figs. 3](#f3-br-0-0-1155){ref-type="fig"} and [4](#f4-br-0-0-1155){ref-type="fig"}). Analysis of risk factors indicated that age was a risk factor for osteoporosis (OR: 0.464, 95% CI: 0.372--0.580, P=0.001), and BMI a protective factor in osteoporosis (OR: 1.502, 95% CI: 1.008--2.240, P=0.032; [Table VI](#tVI-br-0-0-1155){ref-type="table"}).

Discussion
==========

Primary osteoporosis is the subject of ongoing research. At present it is established as a systemic metabolic disease affected by numerous factors ([@b27-br-0-0-1155]). In general, osteoporosis occurs due to alterations in the number and activity of cells involved in bone metabolism, which itself is a process consisting of a balance between bone formation and bone destruction ([@b28-br-0-0-1155]). Changes in bone tissue absorption and production, resulting in changes in BMD, cause a reduction in bone strength, fractures and osteoporosis ([@b29-br-0-0-1155]). Previous study of osteoporosis has revealed that it is influenced by genetic factors ([@b30-br-0-0-1155]). To the best of our knowledge, this is the first study to investigate the association between the ApaI polymorphism of the VDR gene and osteoporosis in postmenopausal Han females in the Xinjiang region. Through previous research, our group identified that osteoporosis is a multifactorial disease with a strong genetic component, and the results of this study are consistent with those of Zeljic *et al* ([@b31-br-0-0-1155]), but genetic association studies in osteoporosis have reported conflicting results.

The present study identified that the distribution of ApaI genotypes and alleles in a population of Han Chinese postmenopausal women was consistent with HWE. The ApaI aa genotype was the most abundant, accounting for 65.8% of the total. Kang *et al* ([@b32-br-0-0-1155]) reported that the ApaI genotype distributions in a South Korean population were 69.3% for aa, 25.4% for Aa and 5.3% for AA, which were similar to those of Han females in the present study. Sassi *et al* ([@b33-br-0-0-1155]) reported that the frequencies of ApaI genotype distribution in a postmenopausal female Tunisian population were 15.5% for aa, 45.6% for Aa and 38.9% for AA, which differs markedly from the present study. The frequency distribution of the ApaI genotype in the present study was similar to that of Han women in urban areas including Guangzhou, Beijing and Harbin ([@b34-br-0-0-1155],[@b35-br-0-0-1155]). It is also consistent with the distribution of genotypes in countries including South Korea and Japan ([@b20-br-0-0-1155],[@b36-br-0-0-1155]). However, the distribution of gene frequency in populations from the USA and Europe, including Spain and Portugal ([@b37-br-0-0-1155],[@b38-br-0-0-1155]), exhibit significant differences, and marked difference has been identified in the frequencies of comparative genes between Uygur and Kazakh populations ([@b39-br-0-0-1155]). Therefore, the comparative analyses of gene frequency distributions in Mongolians and Caucasians have revealed that ApaI genotype may exhibit racial differences.

In the present study, there was a negative correlation between age and BMD at different sites. During aging, the body undergoes senescence. Bone tissue is among of the most affected parts of the body during the aging process ([@b40-br-0-0-1155]). Therefore, the risk of senile osteoporosis increases with age ([@b41-br-0-0-1155]). Additionally, a positive correlation was identified between BMI and BMD. The effect of BMI on bone tissue has been associated with the extent of weight-bearing pressure ([@b37-br-0-0-1155]). The increase of pressure in individuals with high BMI can directly stimulate baroreceptors in the bone tissue ([@b42-br-0-0-1155]). As a result, osteogenic differentiation may increase, the rate of bone resorption may decrease, ultimately accelerating bone formation and thereby increasing BMD and decreasing the risk of developing osteoporosis ([@b43-br-0-0-1155]).

The present study identified no direct association between BMD and specific genotypes of the ApaI polymorphism. This is consistent with previous studies in different populations ([@b37-br-0-0-1155],[@b38-br-0-0-1155],[@b44-br-0-0-1155]). A lack of association has also been described by Moran *et al* ([@b37-br-0-0-1155]) and Yu *et al* ([@b44-br-0-0-1155]). However, there are previous studies associating the ApaI variant with increased risk of osteoporosis, including those by Castelán-Martínez *et al* ([@b22-br-0-0-1155]) and Pedrera-Canal *et al* ([@b45-br-0-0-1155]). Therefore to date, studies have reported controversial results, and the effect of common ApaI polymorphisms on BMD is yet to be concluded.

It is likely that VDR gene expression is affected by environmental factors. Stathopoulou *et al* ([@b16-br-0-0-1155]) suggested that calcium homeostasis may serve a role in this process. However, it should be noted that ApaI polymorphisms reportedly have no effect on protein expression, since they are located in the non-coding region of the VDR gene ([@b45-br-0-0-1155]). The current results on ApaI polymorphisms support the proposal that population variants of a given genotype may be diverse and multifactorial ([@b46-br-0-0-1155]). However, it was also demonstrated that there was no significant association between VDR ApaI polymorphisms and BMD in the studied population. Thus, further studies that investigate gene polymorphism and osteoporosis relevance would be beneficial to clinicians in diagnosing and preventing osteoporosis.

There were certain limitations in the present study. Firstly, patient sample size was relatively small compared with the total population in Xinjiang, and thus whether and how ApaI genotype influences bone microarchitecture requires further investigation in larger cohorts. Secondly, selection of samples was only conducted in Xinjiang, and therefore ApaI genetic polymorphism studies should be expanded to multiple regions and races to further investigate the associations with osteoporosis among different ethnicities. Thirdly, future studies in larger samples of post-menopausal women in Xinjiang should focus on multiple haplotypes, rather than single polymorphisms, to aid clarify the potential overall effects of common VDR polymorphisms.

In conclusion, no significant association between the common VDR polymorphism ApaI and BMD was observed at target skeletal sites in postmenopausal Han Chinese women in the Xinjiang area. Age was negatively associated with BMD at different sites and identified as a risk factor; while BMI was positively associated with BMD and identified as a protective factor.
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###### 

Frequency distribution of ApaI genotypes and alleles.

         Frequency of total, n (%)                                                          
  ------ --------------------------- ---------- ----------- ------------ ----- ------------ ------------
  ApaI   336                         21 (6.3)   94 (28.0)   221 (65.8)   672   136 (20.2)   536 (79.8)

###### 

Frequency distribution of ApaI genotypes and alleles in the osteoporosis and control groups.

             Control (n=246)   Osteoporosis (n=90)                 
  ---------- ----------------- --------------------- ------ ------ -------
  Genotype                                                         
    AA         16              6.5                     5    5.6    
    Aa         69              28.0                    25   27.8   
    aa       161               65.4                    60   66.7   0.946
  Allele                                                           
    A        101               20.5                    35   19.4   
    a        391               79.5                  145    80.6   

###### 

Comparison of BMD value between different ApaI genotypes in the osteoporosis and control groups.

                     BMD, g/cm^3^                                                                                 
  ------------------ -------------- ------------- ------------- ------- ------------- ------------- ------------- -------
  Lumbar L2-L4       0.830±0.237    0.845±0.175   0.907±0.164   0.383   1.087±0.153   1.114±0.161   1.124±0.140   0.334
  Wards triangle     0.497±0.073    0.514±0.130   0.554±0.145   0.291   0.813±0.190   0.746±0.169   0.771±0.178   0.153
  Great trochanter   0.565±0.060    0.607±0.099   0.624±0.115   0.311   0.817±0.155   0.780±0.141   0.784±0.131   0.138
  Femoral shaft      0.857±0.094    0.913±0.129   0.977±0.151   0.446   1.176±0.166   1.125±0.169   1.133±0.155   0.561

Data are presented as the mean ± standard deviation.

###### 

BMD at the lumbar spine L1-L4, Ward\'s triangle, great trochanter and femoral shaft according to VDR ApaI genotype.

                     BMD1, g/cm^2^   BMD2, g/cm^2^                                                                   
  ------------------ --------------- --------------- ------------- ------- ------------- ------------- ------------- -------
  L1-L4              1.026±0.203     1.043±0.203     1.065±0.175   0.454   1.011±0.084   1.021±0.193   1.014±0.139   0.422
  Wards triangle     0.738±0.217     0.685±0.190     0.712±0.195   0.387   0.702±0.097   0.602±0.132   0.694±0.204   0.331
  Great trochanter   0.758±0.176     0.734±0.151     0.741±0.145   0.778   0.726±0.222   0.669±0.142   0.712±0.115   0.717
  Femoral shaft      1.10±0.204      1.068±0.184     1.091±0.168   0.537   0.991±0.102   1.011±0.126   1.112±0.122   0.495

Data are presented as the mean ± standard deviation of the total cohort (n=336). P-values were obtained by analysis of variance and analysis of covariance. BMD values are presented as BMD1 and BMD2, which denotes the raw BMD1 and BMD2 adjusted for body mass index and age, respectively. BMD, bone mass density.

###### 

Correlation analysis of bone mineral density at different sites with age and BMI.

                     Age      BMI               
  ------------------ -------- --------- ------- ---------
  Lumbar spine       −0.316   0.00018   0.195   0.00034
  Wards triangle     −0.451   0.00022   0.181   0.001
  Great trochanter   −0.373   0.00056   0.309   0.00057
  Femoral shaft      −0.356   0.00017   0.253   0.004

BMI, body mass index.

###### 

Analysis of age and BMI as osteoporosis risk factors.

  Variable   β        Standard error   Odds ratio   95% Confidence interval   Wald χ^2^   P-value
  ---------- -------- ---------------- ------------ ------------------------- ----------- ---------
  Age        −0.767   0.113            0.464        0.372--0.580              45.967      0.001
  BMI        0.407    0.204            1.502        1.008--2.240              3.995       0.032

BMI, body mass index.
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